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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the flat surface type heat pipe used in order to cool 

heating elements, such as a semiconductor chip and an integrated circuit substrate. 

[0002] 

[Description of the Prior Art]In recent years, electronics apparatus contains the parts of high power, such 
as a microprocessor, and high integration. A degree of location becomes high, and a microprocessor 
emits a lot of heat, in order to perform processing at a high speed. In order to cool the chip of high 
power and high integration, etc., various kinds of cooling systems have been proposed. One of them has 
a heat pipe. Heat pipes include a round pipe-shaped heat pipe and the heat pipe of plane shape. As an 
object for cooling of electronic equipment, the convenience Kamihira two-dimensional heat pipe 
attached to cooling parts is fond, and is used. The space used as the channel of a working fluid is 
established in the inside of a heat pipe, and movement of heat is performed when the working fluid 
accommodated in the space carries out the phase change and movement of evaporation, condensation, 
etc. 

[0003]The phase transformation of the working fluid which was provided with the sealed hollow part 
and was accommodated in the hollow part, and the details of the heat pipe to which movement of heat is 
performed by movement are as follows. With the heat which the cooling parts which carried out heat 
conduction of the inside of the construction material of the container which constitutes a heat pipe, and 
have got across to the endothermic side of a heat pipe emit, a working fluid evaporates and the steam 
moves to the heat dissipation side of a heat pipe. It is cooled and the steam of a working fluid returns to 
a liquid phase state again at the heat dissipation side. Thus, the working fluid which returned to the 
liquid phase state moves to the endothermic side again (flowing back). Movement of heat is performed 
by a phase transformation and movement of such a working fluid. In the heat pipe of a gravity equation, 
the working fluid which was in the liquid phase state by the phase transformation moves to the 
endothermic side by gravity or capillarity (flowing back). 

[0004]The conventional flat surface type heat pipe using an extruded material is shown in drawing 4 . As 
shown in drawing 4 , the conventional flat surface type heat pipe using an extruded material is a flat 
surface type heat pipe which has a hole of the rectangle of a large number which were formed of 
extruding, and which are arranged in parallel. The wall formed between an adjoining hole and hole has a 
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function as a support, and is raising the intensity of the heat pipe. 

[0005]In the conventional flat surface type heat pipe using an extruded material, a level operation and 
reverse action of the heat pipe are made possible by inserting the wire as a wick in each hole of an 
extruded material, and giving capillary force to the portion which a tube wall and a wire contact. 
Generally, the construction material of the conventional flat surface type heat pipe using these extruded 
materials is aluminum, copper, etc. As a working fluid, there are water, chlorofluocarbon, a 
chlorofluorocarbon alternative, acetone, methanol, etc. The both ends of the heat pipe are usually sealed 
by welding. 
[0006] 

[Problem(s) to be Solved by the Invention] However, there is the following problem in the conventional 
flat surface type heat pipe using an extruded material. That is, since the conventional flat surface type 
heat pipe mentioned above is fabricated by extruding, there is a fatal defect in which the thickness of the 
whole heat pipe is large, and it is difficult for below predetermined thickness to make it small, and 
cannot be used for very compact apparatus, such as a portable type electric appliance. 
[0007] Although the conventional flat surface type heat pipe mentioned above can obtain sufficient 
intensity, When it is lacking in pliability and bending etc. are performed to a flat surface type heat pipe, 
The contact between a tube wall and a wire became imperfect selectively, capillary force declined, and, 
as a result, the cooling function as a heat pipe was not fully exhibited, but the state where the reliability 
over the operation of a heat pipe was missing had occurred. Since it was lacking in pliability, it was 
difficult to add various processings of bending etc. 

[0008]Therefore, the purpose of this invention is to have been rich in the pliability which can be used in 
order to cool heating elements, such as a semiconductor chip and an integrated circuit substrate, and 
which can perform various processings of thin thickness, and to provide the flat surface type heat pipe 
which has reliability in that operation. 
[0009] 

[Means for Solving the Problem] this invention person repeated research wholeheartedly that the 
conventional problem mentioned above should be solved. As a result, by pinching a reticulated wick 
layer which has a function which heightens capillary force at a radial, i.e., a plate width direction, and a 
longitudinal direction between a superior lamella of a case, and a bottom plate, it having been rich in 
pliability which can be used as an object for cooling of heating elements, such as a semiconductor chip 
built in a notebook personal computer and various electronic equipment, and an integrated circuit 
substrate, and which can perform various processings of thin thickness, and, The knowledge of the 
ability to provide a flat surface type heat pipe which has reliability in the operation was carried out. 
[0010]This invention is made based on the above-mentioned knowledge, and the 1st mode of a flat 
surface type heat pipe of this invention consists of the following member. 

(1) a case which consists of a superior lamella and a bottom plate which were constituted by foil or sheet 
metal, and (2) ~ a reticulated wick layer which was pinched in said case and which consists of a 
reticulated wick of at least one sheet, and (3) -- a working fluid enclosed in said case [001 1] As for the 
2nd mode of a flat surface type heat pipe of this invention, said superior lamella and said bottom plate of 
said case consist of foil or sheet metal of the same construction material. 

[0012]The 3rd mode of a flat surface type heat pipe of this invention consists of thermally conductive 
material in which a superior lamella and/or a bottom plate of said case have the thickness within the 
limits of 0.05-1.0 mm. 
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[0013]The 4th mode of a flat surface type heat pipe of this invention consists of a reticulated wick of 50- 
200 meshes in which said reticulated wick was formed with a 50-150-micrometer wire rod. 
[0014]The 5th mode of a flat surface type heat pipe of this invention consists of said superior lamella of 
the shape of a lid in which said case has the predetermined space where said bottom plate and said 
reticulated wick layer of plane shape are accommodated into it. 

[0015]The 6th mode of a flat surface type heat pipe of this invention is characterized by thickness of 
said case being 3.0 mm or less. 

[0016]The 7th mode of a flat surface type heat pipe of this invention consists of a reticulated wick of 
two or more sheets from which a mesh differs in said reticulated wick layer. 

[0017]The 8th mode of a flat surface type heat pipe of this invention equips an inside and/or the exterior 
of said case with thermally conductive material of necessary shape further. 

[0018]The 9th mode of a flat surface type heat pipe of this invention, They are a part [ at least ] between 
said superior lamella and said reticulated wick layer, and a thing between said reticulated wick layer and 
said bottom plate characterized by a thing of at least a part of surface of a superior lamella, and/or the 
surface of a bottom plate for which it has a resin layer in part at least in part at least. 
[0019] 

[Embodiment of the Invention] The mode of the flat surface type heat pipe of this invention is explained 
in detail. The flat surface type heat pipe of this invention consists of a reticulated wick layer which 
consists of a reticulated wick of at least one sheet which was pinched in the case which consists of the 
superior lamella and bottom plate which were constituted by foil or sheet metal, and the case, and which 
has a function which heightens capillary force radiately, and a working fluid enclosed in the case. 
[0020]Foil or sheet metal consists of thermally conductive material, and there are copper, aluminum, 
steel, stainless steel, nickel, tungsten, tantalum, a niobium alloy, Inconel, titanium, glass, ceramics, etc. 
as thermally conductive material. Also in it, copper foil, aluminium foil, a copper thin plate, and 
aluminum sheet metal are suitable. As a working fluid, water, a chlorofluorocarbon alternative, acetone, 
methanol, helium, nitrogen, ammonia, Dowtherm A, naphthalene, caesium, sodium, lithium, silver, etc. 
can be used as usual. 

[0021]The flat surface type heat pipe of this invention consists of thermally conductive material of the 
same construction material, and the superior lamella and bottom plate of a case as thermally conductive 
material, There are the copper mentioned above, aluminum, steel, stainless steel, nickel, tungsten, 
tantalum, a niobium alloy, Inconel, titanium, glass, ceramics, etc. As a result, the heat pipe excellent in 
thermal diffusion can be obtained with the superior lamella excellent in thermal conductivity, and a 
bottom plate. The superior lamella and/or bottom plate of the case of this invention consist of heat- 
conduction material which has the thickness within the limits of 0.05-1.0 mm and which was mentioned 
above. [ of the flat surface type heat pipe ] The intensity of a heat pipe falls [ the thickness of a superior 
lamella and/or a bottom plate ] at less than 0.05 mm. On the other hand, if the thickness of a superior 
lamella and/or a bottom plate exceeds 1.0 mm, the thickness of the whole heat pipe will become large. It 
is desirable that it is within the limits whose thickness of a superior lamella and/or a bottom plate is 0.05- 
0.6 mm. 

[0022] The reticulated wick of at least one sheet of the flat surface type heat pipe of this invention 
consists of a reticulated wick of 50-200 meshes formed with a 50-150-micrometer wire rod. The wire 
rod mentioned above consists of copper, aluminum, a copper alloy, an aluminum alloy, brass, steel, 
stainless steel, nickel, tungsten, tantalum, a niobium alloy, Inconel, titanium, glass, ceramics, a plastic, 
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etc. A heat pipe can be prevented from raising the intensity of a heat pipe and expanding with the heat of 
a heating element by pinching the reticulated wick layer which consists of a reticulated wick mentioned 
above between a superior lamella and a bottom plate. Without limiting capillary force in the fixed 
direction by using a reticulated wick layer, capillary force can be heightened radiately and the effect of 
preventing what is called ****** can be acquired. 

[0023]The flat surface type heat pipe of this invention may consist of a lid-like superior lamella with 
which a case has the predetermined space where the bottom plate and reticulated wick layer of plane 
shape are accommodated into it. The superior lamella in this case and the bottom plate consist of 
thermally conductive material which has the thickness within the limits of 0.05-1.0 mm and which 
copper, aluminum, etc. mentioned above. 

[0024]The thickness of the case of the flat surface type heat pipe of this invention is 3.0 mm or less. 
That is, the thickness of the whole flat surface type heat pipe is 3.0 mm or less. By the whole thickness 
being 3.0 mm or less, it becomes possible to use it for cooling, such as a chip of small CPU, a laser 
oscillation part of an optical reader, and a notebook personal computer. 

[0025] The reticulated wick layer which piles up two or more same reticulated wicks, and forms them 
may be sufficient as the reticulated wick layer of the flat surface type heat pipe of this invention. The 
reticulated wick layer which forms in piles the reticulated wick of two or more sheets from which a 
mesh differs may be sufficient as a reticulated wick layer. 

[0026] The flat surface type heat pipe of this invention equips the inside and/or the exterior of the case 
with the interface material which consists of thermally conductive material, such as a copper plate of 
necessary shape, or an aluminum plate, further. The shape and the size of interface material can be 
suitably set up with the subject which it is going to cool. For example, a copper plate or an aluminum 
plate of the composite of the tape shape which consists of a thermally conductive sheet, a thermally 
conductive tape, resin, and a metallic material, and plane shape, etc. is stuck to a cooling object thing, 
and should just improve thermal conductivity. Interface material secures a contact surface with a heating 
element easily, and has a function which improves thermal conductivity. The thickness of interface 
material can be set up within limits from which the thickness of a flat surface type heat pipe is set to 3.0 
mm or less. 

[0027]the flat surface type heat pipe of this invention — between a superior lamella and reticulated wick 
layers — at least ~ a part — between a reticulated wick layer and bottom plates — at least ~ a part ~ the 
surface of a superior lamella — at least — a part — and/or, the surface of a bottom plate — it has the resin 
layer in part at least. By having a resin layer, welding with a superior lamella and a bottom plate 
becomes easy, and the corrosion of a superior lamella and a bottom plate can be prevented. As for the 
superior lamella and bottom plate of a heat pipe, seal welding of the 4 rounds is carried out by welding 
and the heat seal. 

[0028]Since it excels in bending nature, the flat surface type heat pipe of this invention can be arranged 
in accordance with the wall of refrigerators, such as a wine cooler. The flat surface type heat pipe of this 
invention can be used over the range with a wide electronic circuit board etc. which are used for the case 
of various electronic circuit boards, such as a notebook personal computer, an encapsulated type case, 
and an airplane. 
[0029] 

[Example]the planate bottom plate 3 with a copper thin plate with a thickness of 0.5 mm, as shown in 
example 1 drawing 1, [ produce and ] The reticulated wick layer 2 which was moreover formed of the 
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copper wire material of 50 micrometers of wire sizes and which consists of a reticulated wick of three 
sheets of 150 meshes is arranged, Arrange the superior lamella 1 of a copper thin plate with a thickness 
of 0.5 mm formed with a press in the shape of [ of the convex shape ] a lid so that the reticulated wick 
layer mentioned above may be accommodated into it, and carry out low attachment of a superior lamella 
and the bottom plate, and vacuum suction of the flat surface type heat pipe container is manufactured 
and carried out, Water was used as a working fluid and the reticulated wick layer 2 manufactured the 
case accommodated into it. Between the reticulated wick layer and the superior lamella, as shown in 
drawing 1, predetermined space was provided. The thickness of the flat surface type heat pipe 
manufactured in this way was 2 mm. 

[0030]When the flat surface type heat pipe manufactured in this way was applied to the laser oscillation 
part of the optical reader used in a CD-ROM device, a DVD device, a game machine, etc., generation of 
heat could be moved effectively and the good chilling effect was acquired. Therefore, it turns out that a 
good chilling effect is acquired with the flat surface type heat pipe of very thin thickness. 
[0031] the planate bottom plate 3 being manufactured with aluminum sheet metal with example 2 
thickness of 0.5 mm, and, . Moreover, were formed of the wire-of-aluminium material of 100 
micrometers of wire sizes. Arrange the reticulated wick layer 2 which piled up five reticulated wicks of 
100 meshes, and further, arrange the superior lamella 1 of the shape of a lid of aluminum sheet metal 
with a thickness of 0.5 mm, carry out low attachment of a superior lamella and the bottom plate, and 
vacuum suction of the flat surface type heat pipe container is manufactured and carried out, The 
chlorofluorocarbon alternative was used as a working fluid and the reticulated wick layer 2 
manufactured the case accommodated into it. Between the reticulated wick layer and the superior 
lamella, as shown in drawing 1 , predetermined space was provided. The thickness of the flat surface 
type heat pipe manufactured in this way was 3 mm. 

[0032]When the flat surface type heat pipe produced in this way was applied to the laser oscillation part 
of the optical reader used in a CD-ROM device, a DVD device, a game machine, etc., generation of heat 
could be moved effectively and the good chilling effect was acquired. Therefore, it turns out that a good 
chilling effect is acquired with the flat surface type heat pipe of very thin thickness. 
[0033]the bottom plate 3 being manufactured by copper foil with a thickness of 0.05 mm, and, as shown 
in Example 3, next drawing 2 , The reticulated wick layer 2 which was moreover formed of the copper 
wire material of 150 micrometers of wire sizes and which consists of a reticulated wick of three sheets 
of 50 meshes is arranged, The superior lamella 1 of copper foil with a thickness of 0.05 mm has been 
arranged so that it may be inserted into a reticulated wick, 4 rounds was joined by seam welding, 
subsequently vacuum suction was carried out, water was used as a working fluid, and the reticulated 
wick layer 2 manufactured the case inserted into it. The thickness of the flat surface type heat pipe 
manufactured in this way was 1.0 mm. 

[0034]When the flat surface type heat pipe manufactured in this way was applied to the notebook 
personal computer, generation of heat could be moved effectively and the good chilling effect was 
acquired. Therefore, it turns out that a good chilling effect is acquired with the flat surface type heat pipe 
of very thin thickness. 

[0035]the bottom plate 3 with aluminium foil with example 4 thickness of 0.05 mm, [ produce and ] . 
Moreover, were formed of the wire-of-aluminium material of 150 micrometers of wire sizes. The 
reticulated wick layer 2 which piled up five reticulated wicks of 50 meshes has been arranged, further, 
the superior lamella 1 of aluminium foil with a thickness of 0.05 mm has been arranged, the heat seal of 
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the 4 rounds was carried out, subsequently vacuum suction was carried out, the chlorofluorocarbon 
alternative was used as a working fluid, and the reticulated wick layer 2 manufactured the case inserted 
into it. The thickness of the flat surface type heat pipe manufactured in this way was 1.5 mm. 
[003 6] When the flat surface type heat pipe produced in this way was applied to the notebook personal 
computer, generation of heat could be moved effectively and the good chilling effect was acquired. 
Therefore, it turns out that a good chilling effect is acquired with the flat surface type heat pipe of very 
thin thickness. It originated in the reticulated wick layer consisting of a reticulated wick of five sheets, 
and the intensity of the flat surface type heat pipe improved. 

[0037]the bottom plate 3 with aluminum sheet metal with a thickness of 0.3 mm, as shown in Example 
5, next drawing 3 , [ produce and ] . Moreover, were formed of the wire-of-aluminium material of 100 
micrometers of wire sizes. The reticulated wick layer 2 which consists of a reticulated wick of three 
sheets of 50 meshes has been arranged, further, the superior lamella 1 of aluminum sheet metal with a 
thickness of 0.3 mm has been arranged, the heat seal of the 4 rounds was carried out, subsequently 
vacuum suction was carried out, the chlorofluorocarbon alternative was used as a working fluid, and the 
reticulated wick layer 2 produced the case inserted into it. The thickness of the flat surface type heat pipe 
produced in this way was 1.5 mm. Planate aluminum sheet metal with a thickness of 1.5 mm and a size 
of 20 mm x 20 mm was attached to the outside of the flat surface type heat pipe produced in this way. 
[003 8] When the flat surface type heat pipe produced in this way was applied to the chip of small CPU, 
generation of heat could be moved effectively and the good chilling effect was acquired. Therefore, it 
turns out that a good chilling effect is acquired with the flat surface type heat pipe of very thin thickness. 
Since planate aluminum sheet metal was attached to the outside of a flat surface type heat pipe, the flat 
surface type heat pipe could be stuck for the chip of small CPU, and thermal conductivity increased. 
[0039]the bottom plate 3 with a copper thin plate with a thickness of 0.3 mm, as shown in Example 6, 
next drawing 3 , [ produce and ] Arrange the reticulated wick layer 2 which was moreover formed of the 
copper wire material of 100 micrometers of wire sizes and which consists of a reticulated wick of three 
sheets of 50 meshes, and further, arrange the superior lamella 1 of a copper thin plate with a thickness of 
0.3 mm, and carry out the heat seal of the 4 rounds, and, subsequently vacuum suction is carried out, 
Water was used as a working fluid and the reticulated wick layer 2 produced the case inserted into it. 
The thickness of the flat surface type heat pipe produced in this way was 1.6 mm. Inside the flat surface 
type heat pipe mentioned above, the planate copper thin plate with a thickness of 1 mm and a size of 20 
mm x 20 mm was attached. 

[0040]When the flat surface type heat pipe produced in this way was applied to the chip of small CPU, 
generation of heat could be moved effectively and the good chilling effect was acquired. Therefore, it 
turns out that a good chilling effect is acquired with the flat surface type heat pipe of very thin thickness. 
Since planate aluminum sheet metal was attached to the outside of a flat surface type heat pipe, the flat 
surface type heat pipe could be stuck for the chip of small CPU, and thermal conductivity increased. 
[0041] As mentioned above, the flat surface type heat pipe of this invention is thin, and since it excels in 
pliability, refrigerators, such as a chip of small CPU, a laser oscillation part of an optical reader, a 
notebook personal computer, and a wine cooler, etc. can be used for cooling of the case of various 
electronic equipment. [0042] 

[Effect of the Invention]As mentioned above, according to this invention, the thickness of the whole heat 
pipe is dramatically small, The flat surface type heat pipe which was rich in the pliability excellent in 
bending nature and which has reliability in the operation can be provided, it can be used in order to cool 
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heating elements, such as a semiconductor chip and an integrated circuit substrate, and utility value is 
high industrially. 

[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje.. .010000000000000000&N0550=1 111111011111 1000000&N0580-0 (7 of 7)6/6/09 10:03:3 1 AM 



